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Abstract

Background: In the Veneto Region, 421,000 coronavirus 2019 disease (COVID-19) cases and 11,000 deaths have been
reported since 21 February 2020. The pandemic spread particularly in nursing homes (NH).

Objective: This study estimated the impact of SARS-CoV-2 infection among NH residents, focusing on the risk of
hospitalisation and death due to COVID-19 compared with the general older population. It also provided evidence of risk
changes over time.

Methods: Older people, resident in Veneto, were enrolled from the regional registry of the population. We collected also
information about demographic characteristics, chronic diseases, COVID-19 positivity, NH institutionalization, hospitalisa-
tion and date of death. Patients were assigned to NH or non-NH residents groups through a propensity score 1:1 matching.
The follow-up period was defined as 21 February 2020 — 3 May 2021 and then divided into three waves. Risk ratios (RRs)
and 95% confidence interval were estimated by using Poisson models with robust estimation of variance.

Results: NH residents showed a higher risk of COVID-19 infection (RR = 6.28; 6.03-6.54), hospitalisation for COVID-19
(RR = 2.20; 2.05-2.36) and death with COVID-19 (RR = 6.07; 5.58-6.61).

Conclusion: NH residents shared common spaces with other patients and healthcare professionals and were more exposed
to infections. Nonetheless, in Italy from late December 2020 to May 2021, 95% of NH residents and their healthcare
professionals received at least one vaccine dose and RRs for all outcomes decreased in NH.
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Key Points

* More than 421,000 cases of SARS-CoV-2 infection and about 11,000 COVID-19 patients’ deaths were reported since the
beginning of the pandemic in the Veneto Region.

* NH residents showed a higher risk of COVID-19(COVID-19_ infection, of hospitalisation for COVID-19 and of death
with COVID-19).

* By the end of the COVID-19 vaccination programme in NH, the risk of SARS-CoV-2 infection in NH residents was
significantly reduced, in particular for severe forms of COVID-19.
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Background

The first cases of coronavirus 2019 disease (COVID-19)
reported in Italy were detected on 21 February 2020 in
Codogno (Lombardy) and in Vo’ (Veneto) [1]. In February
2020, the first death due to COVID-19 in Europe was
reported in Schiavonia Hospital, near Padua [2]. At the
time of writing, more than 421,000 cases of SARS-CoV-2
infection [3] and about 11,000 COVID-19 patients’ deaths
[4] were reported since the beginning of the pandemic in the
Veneto Region, a large area in North-East Italy with more
than 4.9 million inhabitants.

Most people affected by COVID-19 are asymptomatic or
oligosymptomatic [5], but a small proportion of patients
experience a severe interstitial pneumonia and multiple
organ failure, especially older people or patients with chronic
conditions. Many researchers [6-9] reported—for these
categories—higher risks of hospitalisation and admission
to intensive care units.

The COVID-19 pandemic in Italy has challenged the
national and regional health systems. The Veneto Region was
one of the most affected areas from March to May 2020
and from November 2020 to January 2021. The pandemic
spread particularly in nursing homes (NH); the older people
admitted in these facilities experienced the highest figures of
severe subjects and deaths due to COVID-19 [10], because
of their frail conditions and the spread within the care
setting [11, 12]. In 2018, the Italian National Statistics
Institute (ISTAT) reported about 35,000 subjects in NH
in the Veneto Region (about 31 per 1,000 inhabitants over
65 years) [13].

The first aim of this study was to estimate the impact of
SARS-CoV-2 infection among NH residents in the Veneto
Region, focusing on the risk of hospitalisation and death
due to COVID-19, in comparison with the general older
population. The second aim was to estimate the change of
these risks over time (i.e. different waves of infection), as well
as the impact of vaccination on NH residents.

Methods

All residents in the Veneto Region aged between 70 and
100 and alive on 21 February 2020 were anonymously
tracked from the regional electronic registry of the resident
population. The information about NH institutionalization
was retrieved from the regional NH archive, described in
a previous study [14]. The admission in NH follows a
comprehensive assessment of the health and functional sta-
tus and a social support evaluation; a definitive transition
into the NH is usually planned for the eligible residents.
Regional NH archive also provided information on admis-
sion and discharge dates, demographic data and clinical
functional assessment before entry. SARS-CoV-2 infection
was retrieved from the regional archive of SARS-CoV-2 RT-
PCR tests. Information about COVID-19 patients’ hospital-
isation for SARS-CoV-2 infection and date of death related

to SARS-CoV-2 infection were updated by hospitals and the
public health local services. COVID-19-related deaths were
attributed following the guidelines defined by the World
Health Organization and the National Health Institute [15].

Evidence about previous chronic diseases (present on
31 December 2019) was retrieved from the regional Johns
Hopkins Adjusted Clinical Groups (ACG®©) archive. The
ACGO regional archive, adopted to assess comorbidities
affecting study subjects, provides several risk assessment mea-
sures using diagnosis codes obtained from multiple sources
and assigning patients to categories, strictly associated with
specific disease conditions [16]. It also provides the presence
of the most important chronic diseases for subjects in the
archive at the end of each calendar year.

The follow-up period was determined between 21 Febru-
ary 2020 and 3 May 2021. We also defined three different
waves for the pandemic spread in the Veneto Region: the
first from 21 February to 31 August 2020, the second from
1 September 2020 to 1 January 2021 and the third from 1
February to 3 May 2021.

Patients were assigned to two main groups (NH residents
vs. non-NH residents) through a propensity score 1:1
matching [17] to provide unbiased estimates. We matched
the patients for age group, gender, province of domicile,
presence of legal disability (over 66%) and the most
common chronic diseases: hypertension (HT), diabetes
(DM), ischemic heart disease (IHD), chronic obstructive
pulmonary disease (COPD), congestive heart failure (CHF),
chronic renal failure (CRF), dementia (D).

The main outcome of this study was the risk of having a
SARS-CoV-2 infection; two secondary outcomes were the
risk of hospitalisation due to COVID-19 and the risk of
death with COVID-19. We analysed the outcomes consid-
ering both the whole period of pandemic and the previously
described three waves.

To avoid biased estimations of the total number of sub-
jects at risk, the subjects who died (for any cause of death)
or were affected by COVID-19 during the first wave were
not included in the following waves, as well as the ones
who died or were affected by COVID-19 in the second
wave were not included in the third. We estimated risk
ratios (RRs) and confidence intervals (Cls) at 95% level
for the outcomes. The analysis was performed by Poisson
models with robust estimation of variance. We analysed the
data using SAS Enterprise Guide 6.1 and STATA/IC 16.0
software for Windows.

Results

Opverall, 852,211 living subjects at 21 February 2020, resi-
dents in Veneto Region and aged between 70 and 100 years
were included in the study; 495,774 subjects (58.2%) were
aged 70-79, 292,055 (34.3%) were aged 80—89 and 64,382
(7.6%) 90-100. 491,458 (57.7%) were females and 360,753
were males (42.3%), as shown in Table 1.
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Table I. Pre-matching distribution of study subjects. Absolute frequencies, percentages and P values according to the
characteristics of all NH and non-NH residents

Total Non-NH residents NH residents P
value
N % N %
Total 852,211 818,619 33,592
Gender <0.001
Females 491,458 466,006 56.9 25,452 75.8
Males 360,753 352,613 43.1 8,140 24.2
Age group (years) <0.001
70-79 495,774 489,875 59.8 5,899 17.6
80-89 292,055 278,887 33.7 16,168 48.1
90-100 64,382 52,857 6.5 11,525 34.3
Province of domicile <0.001
Belluno 40,335 37,820 4.6 2,515 7.5
Padua 158,950 154,030 18.8 4,920 14.7
Rovigo 45,948 43,901 5.4 2,047 6.1
Treviso 147,514 141,116 17.2 6,398 19.1
Venice 161,321 156,503 19.1 4,818 14.3
Vicenza 142,719 135,732 16.6 6,987 20.8
Verona 155,424 149,517 18.3 5,907 17.6
Legal disability 138,167 112,665 13.8 25,502 75.9 <0.001
Chronic disease
HT 624,965 601,893 73.5 23,072 68.7 <0.001
DM 148,918 141,713 17.3 7,205 21.5 <0.001
IHD 99,397 94,648 11.6 4,749 14.1 <0.001
COPD 58,268 55,410 6.8 2,858 8.5 <0.001
CHF 51,453 45,637 5.8 5,816 17.3 <0.001
CRF 25,619 23,694 2.9 1,925 5.7 <0.001
D 39,647 23,107 2.8 16,540 49.2 <0.001
SARS-CoV-2 Infection
Total 65,897 50,467 100.0 15,430 100.0
Ist wave 7,062 3,447 6.8 3,615 23.4
2nd wave 47,800 36,121 71.6 11,679 75.7
3rd wave 11,035 10,899 21.6 136 0.9

A total of 65,897 subjects (7.7%) were infected by SARS-

CoV-2 during the follow-up time. The total number of
reported COVID-19 infections was 7,062 (10.7%) in the
first wave, 47,800 (72.5%) in the second wave and 11,035
(16.8%) during the third wave. From 21 February 2020
to 3 May 2021 18,574 (28.2%) COVID-19 patients were
hospitalised and 9,914 (15.0%) died.

Table 1 compares the main characteristics of NH versus
non-NH study subjects: 33,592 study patients lived in NH
on 21 February 2020 and 15,430 (23.4%) of them were
infected by SARS-CoV-2 during the follow-up time. The
proportion of cases infected with SARS-CoV-2 who were
NH residents in the three waves were, respectively, 51.2, 24.4
and 1.2%.

NH patients were more frequently affected by severe
chronic diseases than the general older population: they
showed a higher prevalence of CHE, DM, CRF and D.
People living in NH were also older (mean age 86.1 years,
95% CI: 86.1-86.2) than non-NH residents (78.6 years,
95% CI: 78.5-78.6). A non-homogeneous geographical dis-
tribution of NH in the seven provinces of the Veneto Region
was found: i.e. the proportion of NH residents on the total
number of subjects included in the study was 6.2% for the
Belluno province and 3.0% for the Venice province.

After the 1:1 propensity score matching, the size of the
two groups was equal to 31,922 cases. Homogeneous distri-
bution was reached for gender (P =0.16) and province of
domicile (P = 0.24), whereas the distribution for age group,
legal disability and all the considered chronic conditions
remained different (P < 0.01). NH residents were slightly
younger and healthier than non-NH selected patients, dis-
playing lower prevalence of legal disability and all chronic
conditions, except for D (46.6% among NH residents vs.
42.1% among non-NH residents), as shown in Table 2.

NH residents showed a higher risk of COVID-19
infection (RR=6.28; 95% CI: 6.03-6.54), hospitalisation
for COVID-19 (RR =2.20; 95% CI: 2.05-2.36) and death
with COVID-19 (RR=6.07; 95% CI: 5.58-6.61), as
shown in Table 3. RRs were also calculated distinctly for
the three pandemic waves.

The risk of being infected by SARS-CoV-2 among NH
residents (compared with non-NH residents) showed a
decreasing trend: in the first wave, it was equal to 14.54 (95%
Cl: 12.76-16.57), in the second it was equal to 7.93 (95%
CI: 7.56-8.32) and decreased to 0.69 (95% CI: 0.57-0.84)
in the third wave (Figure 1).

Similar paths were also found for the RRs of hospitali-
sation for COVID-19: —4.89 (95% CI: 4.17-5.74), 2.50



S. Pierobon et al.

Table 2. Post-matching distribution of study subjects. Absolute frequencies, percentages and P values according to the

characteristics used for matching in NH and not NH residents

Total Non-NH residents NH residents P
value
N % N %
Total 63,884 31,922 100.0 31,922 100.0
Gender 0.157
Females 47,546 23,695 74.2 23,851 74.7
Males 16,298 8,227 25.8 8,071 25.3
Age group (years) <0.001
70-79 11,163 5,264 16.5 5,899 18.5
80-89 31,809 16,049 50.3 15,760 49.4
90-100 20,872 10,609 33.2 10,263 32.2
Province of domicile 0.244
Belluno 4,496 2,276 7.1 2,220 6.9
Padua 9,796 4,961 15.5 4,835 15.2
Rovigo 3,815 1,910 6.0 1,905 6.0
Treviso 11,994 6,004 18.8 5,990 18.8
Venice 9,276 4,596 14.4 4,680 14.7
Vicenza 13,150 6,624 20.8 6,526 20.4
Verona 11,317 5,551 17.4 5,766 18.1
Legal disability 48,864 25,032 78.4 23,832 74.7 <0.001
Chronic disease
HT 45,631 23,216 72.7 22,415 70.2 <0.001
DM 14,239 7,274 22.8 6,965 21.8 0.003
IHD 9,627 4,99 15.7 4,628 14.5 0.006
COPD 5,865 3,064 9.6 2,801 8.8 <0.001
CHF 11,368 5,853 18.3 5,515 17.3 <0.001
CRF 3,902 2,035 6.4 1,867 5.8 0.006
D 28,301 13,430 42.1 14,871 46.6 <0.001

(95% CI: 2.29-2.73) and 0.25 (95% CI: 0.16-0.38), respec-
tively. The RRs of death with COVID-19 were, respectively,
10.10 (95% CI: 8.17-12.47), 7.97 (95% CI: 7.17-8.87)
and 0.48 (95% CI: 0.30—-0.77).

Discussion

At the best of our knowledge, this is one of the first detailed
population-based analyses on COVID-19 infection and
mortality from a large area comparing NH residents with
matched subjects. Few reports compared the mortality of
NH residents to the general population in Italy. De Girolamo
et al. [18] used aggregated administrative data from the
ISTAT to compare the figures in Lombardy versus Veneto
Region and reported a significantly higher rate in the former
(12.9 vs. 6.5 per 100 residents). Estimates were provided also
in Ciminelli ez /. [19]: they found that mortality doubled
in municipalities where 10% of older people live in NH,
compared with the ones without NH in town. A recent
analysis focused on NH settled in the Venice area [20] and
showed that the presence of COVID-19 increased the risk
of death by 1.85 times for NH residents.

A Spanish study underlined that the main factors associ-
ated with mortality for NH residents were being male, older
than 80 years, admitted to a hospital for COVID-19 and
being affected by cardiovascular disease, kidney disease or
D [21]. Sepulveda et al. [22] estimated a risk of mortality

4

in NH residents of about 24.3 times higher than non-NH
residents. Moreover, a recent US study provided estimates
for the second wave of the pandemic and showed from April
to early November 2020 a decline in adjusted mortality
rates [23]. A comprehensive British study also evidenced a
significant excess (65%) of deaths in care homes’ residents
due to COVID-19 [24].

This study showed that NH residents suffered the
COVID-19 pandemic more than the non-NH residents:
considering the overall study period, they had a greater risk
of SARS-CoV-2 infection, hospitalisation for COVID-19
and COVID-19-related death. This happened particularly
in the first wave of the pandemic, when a great number
of SARS-CoV-2 infections were reported in the NHs. NH
residents represented more than 50% of the COVID-19
total cases and their risk of being infected with SARS-CoV-
2, of hospitalisation and of death were respectively 14, 5
and 10 times higher than non-NH residents. Such increased
risk could be partially due to a surveillance bias related to
the periodic screening for COVID-19 infection among NH
residents, which was recommended by the Italian Ministry
of Health on 27 February 2020 [25]. In addition, Italy
experienced a general lockdown from 8 March to 3 May
2020, which drastically reduced the chances of infection in
the general population.

During the second wave, a different scenario showed
up. From November 2020 to January 2021 the pandemic
stressed the regional Health System severely and hardly hit
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Table 3. Absolute frequencies (N), crude rates (%), and RRs with 95% Confidence Intervals for post-matching outcomes:
SARS-CoV-2 infection, hospitalisation for COVID-19, death with COVID-19, overall and by pandemic wave

Non-NH residents

Outcome Wave N %
COVID-19 1 237 0.7
infection 2 1,687 5.9
3 431 1.7
Overall 2,355 7.4
Hospitalisation for 1 179 0.6
COVID-19 2 697 2.4
3 210 0.8
Overall® 1,103 3.5
Death with 1 94 0.3
COVID-19 2 381 1.3
3 88 0.4
Overall® 604 1.9

NH residents RR (95%CI) NH residents versus

non-NH residents

N %

3,446 10.8 14.54 (12.76-16.57)
11,205 46.4 7.93 (7.56-8.32)
127 1.2 0.69 (0.57-0.84)
14,779 46.3 6.28 (6.03-6.54)
876 2.7 4.89 (4.17-5.74)
1,460 6.1 2.50 (2.29-2.73)
22 0.2 0.25 (0.16-0.38)
2,425 7.6 2.20 (2.05-2.36)
949 3.0 10.10 (8.17-12.48)
2,544 10.5 7.97 (7.16-8.88)
22 0.2 0.48 (0.30-0.77)
3.668 115 6.07 (5.58-6.61)

*The number of events in each wave did not include people who experienced COVID-19 infection or death in previous waves: the overall number of events for the

secondary outcomes could be higher than the sum of the events recorded in the three waves.

both NH residents and home-based older people. Nonethe-
less, COVID-19 swab tests became widespread, increasing
the chances to identify most of the SARS-CoV-2 infection
cases also among the general population. During the sec-
ond wave, NH residents represented less than 25% of the
COVID-19 reported cases and their RRs for all the study
outcomes decreased. The severe health conditions of NH
residents and their constant healthcare surveillance could
partly explain why they were more often treated inside the
NHs and were less frequently hospitalised.

From late December 2020, the Italian COVID-19 vac-
cination programme started for NH residents and health-
care professionals. This represented an important chance to
enhance the health conditions of NH residents. By the end
of the third wave, almost 95% of NH residents and their
healthcare professionals received at least one vaccine dose
[26] and NH residents seemed to have developed widespread
immunity against the COVID-19. The risk of SARS-CoV-2
infection was significantly reduced, in particular for severe
forms of COVID-19, which were frequently associated with
hospitalisation and death. In fact, during the third wave, the
number of NH patients who had the SARS-CoV-2 infection
significantly decreased. They represented only 1% of the total
number of reported COVID-19 cases and their RRs for all
the study outcomes declined below 1. The risk of SARS-
CoV-2 infection was 30% lower among NH residents than
the general older population with similar personal and health
characteristics. The reduction in the risk of hospitalisation
and death in NH residents was even larger (—75 and —62%,
respectively), which likely reflects an effective lower risk
for these individuals, coupled by a protective effect of the
continuity of healthcare experienced in NHs.

It is not a chance that in Italy the vaccination campaign
started from NH residents and their healthcare professionals.
During the first two pandemic waves, the virus hardly hit
these facilities [20, 27] and their hosts represented one of

the frailest categories of COVID-19 susceptible subjects [28,
29]. In a representative sample of European countries, the
range of deaths among NH residents has been estimated (in
May 2020) between 37 and 66% of all COVID-19-related
deaths [30]. NH residents are also more exposed to infection
than the general population because they share common
spaces with other patients and healthcare professionals [19,
31]. Moreover, the integration between hospitals and other
care services in Italy is far from being completed and emerged
as one of the most striking issues during the pandemic, in
particular for NH healthcare management [32].

This study has some limitations. First, it analysed a large
sample of subjects in North-East Italy and focused on a
regional healthcare policy behaviour. However, it does not
allow comparing different healthcare models, which in Italy
were defined on a regional basis. In addition, the socioeco-
nomic status of study subjects was not taken into account.
We also underline that because of the exclusion of dead
and infected subjects in the second and third wave, the 1:1
matching pairing proportion could not be assured in these
phases. Finally, the distribution for age group, sex and health
condition of the group of patients who survived and never
had the COVID-19 infection at the end of the third wave,
could have been different than the whole set of subjects
included in the study.

In conclusion, this study showed the effect of the
COVID-19 vaccination programme on the risk of SARS-
CoV-2 infection, hospitalisation and death among NH
residents. Besides vaccination, a more comprehensive
organization for NH management is needed [33, 34] in order
to promote improved handling of COVID-19 and possibly
of other epidemics in these facilities. Special attention should
be paid also to enhance the engagement of physicians and
nurse practitioners [35], with the aim to improve care for
NH residents [36, 37], also with prehospital interventions
(38].
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